Cagaita is a fruit from Brazilian cerrado, belongs to Myrtaceae family, and has important economic value. This work aimed to determine the total antioxidant capacity (extractable and nonextractable fractions) by different methods and to evaluate the use of paper spray mass spectrometry to obtain fingerprints of cagaita from different regions with the aid of principal components analysis. Cagaitas had higher antioxidant activity than those found in other fruits mentioned in literature, and the non-extractable fraction was 18.90 to 21.05% of the antioxidant capacity. The analysis of paper spray mass spectrometry in positive and negative ionization modes identified several substances, including organic acids, sugars, amino acids and several other classes of phenolic compounds. Analysis of the main components of cagaita samples permitted discrimination of the major constituents such as sugars and different kinds of phenolic compounds. Thus, this study demonstrated that paper spray mass spectrometry is a simple and ultrafast method with minimum sample preparation that allows the analysis of the chemical profile of cagaita.
Introduction
Cerrado, also known as Brazilian Savanna, is a South American biome of around 200 million hectares and covers about 22% of Brazil's territory. It is recognized for its biodiversity of fauna and flora, as well as the abundance of natural resources. For the sustainable exploitation of these resources, the native species of this region need to be characterized. 1, 2 A typical specie of this biome is cagaiteira (Eugenia dysenterica), an angiosperm belonging to Myrtaceae family. Its fruit, called cagaita, is widely used by local residents. 1, 3, 4 Scientific studies report that this fruit is a source of bioactive substances with antioxidant activity, which have been associated with prevention of diseases such as cancer, cardiovascular and cerebrovascular diseases. The antioxidant activity of foods needs to be determined with different methods that use other mechanisms to reliably quantify foods with a complex matrix. Among the most used methods are the 2,2-diphenyl-1-picrylhydrazil (DPPH), ferric reducing antioxidant power (FRAP) and 2,20-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS). 5 Studies about the components of cagaitas have focused on determining extractable phenolic compounds, in other words, components isolated in solution from solid-liquid extraction of fruit pulp. However, significant levels of these substances remain present in the sample, which can lead to hasty conclusions. Therefore, it is important to quantify both the extractable and non-extractable polyphenols. 6 For broader characterization of cagaita, instrumental analytical techniques can be used, such as, high performance liquid chromatography (HPLC) with UV detection and/or mass spectrometry, capillary electrophoresis and gas chromatography mass spectrometry. In general, they provide accurate and precise qualitative and quantitative
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Using Paper Spray Mass Spectrometry Among the ambient ionization techniques, several methods have been developed from electrospray ionization (ESI) such as desorption electrospray ionization mass spectrometry (DESI-MS), paper spray and electrospray assisted laser desorption/ionization (ELDI). Paper spray mass spectrometry (PS-MS), developed by Wang et al., 9 has been widely used to analyze substances in complex matrices. A great advantage of PS-MS is the possibility of rapidly obtaining fingerprints in wide ranges of masses. Thus, the PS-MS has been used in studies involving resveratrol in red wine, 10 olive oil analysis, 11 chemical composition of whisky and beer fraud verification, 12, 13 coffee classification, 14 caffeine analysis in commercial beverages 15, 16 and medicines, pesticide analysis in fruits and vegetables, 17 quality control of tea, 18 Corni fructus, 8 dyes, 19 and food additives and their byproducts. 20 Other ambient ionization techniques, such as desorption electrospray ionization (DESI), [21] [22] [23] [24] direct analysis in real time (DART), 21, 23, 24 easy ambient sonic spray ionization (EASI) 21, 23 and liquid extraction surface analysis (LESA) 24 have been also successfully explored for fingerprint. The present study aimed to determine the total antioxidant activity of cagaitas (extractable and nonextractable fraction) using DPPH, ABTS and FRAP methods. We also identified other chemical constituents using PS-MS. In addition, fingerprints of cagaitas collected in three distinct regions were differentiated with aid of principal components analysis (PCA).
Experimental

Cagaita sample and material
During the 2016 harvest, ripe fruit were collected separately from 27 matrices of cagaiteira in different places within three microregions of Minas Gerais State (Brazil): Paraopeba (latitude 19º16'23" and longitude 44º24'52''), Prudente de Morais (latitude 19º28'54" and longitude 44º08'37'') and Sete Lagoas (latitude 19°28'36" and longitude 44°11'43"). Samples were transported to the Research Laboratory-Food Chemistry Unit of the Federal University of Minas Gerais.
Then, ripe fruit were washed in running water and sanitized using a solution of 200 mg L -1 sodium hypochlorite for 15 min followed by running water rinse. Later, samples were stored in a freezer at −18 °C. Before each analysis, the fruit pulp was obtained by thawing 3 fruit from each sample, seeds discarded and homogenized using a mixer. The physical-chemical properties and antioxidant activity were determined from a pool made of 3 fruits from 9 cagaiteiras from each microregion. The analysis by PS-MS considered the crude analysis of fruit pulps from 9 cagaiteiras from each of the 3 microregions (27 samples).
All the standards for Folin & Ciocalteu's phenol reagent, 2,2-di-phenyl-1-picrylhydrazil (DPPH • ), 2,20-azinobis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS • ), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox) were acquired from Sigma-Aldrich (São Paulo, SP, Brazil). Methanol HPLC grade was acquired from J. T. Baker (Phillipsburg, NJ, USA) and chromatography paper 1 CHR from Whatman (Little Chalfont, Buckinghamshire, UK).
Physical-chemical analyses
Titratable acidity, pH, soluble solids (°Brix), moisture, protein and ashes were determined, in triplicate, following the methods described by the Association of Official Analytical Chemists (AOAC). 25 Lipids were analyzed according to the Bligh and Dyer 26 extraction method, using methanol, chloroform and water. Carbohydrate content was calculated by the difference between 100 and the sum of percentages of moisture, protein, lipids and ashes. The calculation of energy content was performed using conversion factors of 4 kcal g -1 of protein and carbohydrate and 9 kcal g -1 of lipids.
27
Samples treatment
Extractable polyphenols
Extraction was done according to the procedure described by Rufino et al. 5 For this, 0.5 g of sample and 1 mL of methanol/water (50:50, v/v) were added inside a 2 mL Eppendorf tube. After 1 h at room temperature, the tubes were centrifuged at 25,406 × g for 15 min and the supernatant retrieved. Afterward, 1.0 mL of acetone/ water (70:30, v/v) was added to the residue, with a new incubation and centrifuging at the same conditions above. Both supernatants were mixed, and distilled water added until 5.0 mL was reached.
Hydrolysable polyphenols and non-extractable proanthocyanidin
The hydrolysable polyphenols and the non-extractable proanthocyanidin were obtained according to the methods described by Hartzfeld et al. 28 and Arranz et al.
Total phenolic compounds and antioxidant activity
The obtained extracts were used to determine the content of phenolic compounds and to evaluate the antioxidant activity. Thus, the phenolic compounds of cagaita were determined following the procedure of Singleton et al. 30 The antioxidant activity was evaluated by FRAP, ABTS and DPPH methods; the first two were carried out according to Rufino et al. 5 and the last one according to the AOAC 25 protocol.
PS-MS fingerprints
The chemical profile analysis of the samples was done using a mass spectrometer LCQ Fleet (Thermo Scientific, San Jose, CA, USA) equipped with a paper spray ionization source. The 27 samples were analyzed in positive and negative ionization modes. Figure 1 is the diagram of the ionization source for paper spray. To carry out the analyses, chromatographic paper was cut in an equilateral triangle shape (1.5 cm) and positioned in front of the mass spectrometer entrance. This paper was supported by a metal connector and positioned 0.5 cm away with the aid of a movable platform (XYZ). This apparatus was connected to a high-voltage source of the spectrometer through a copper wire. Ultimately, 2.0 µL of pulp was applied on the edge of the triangles, 40.0 µL of methanol was transferred to the chromatographic paper and the voltage source was connected for data acquisition. The non-extractable part of the pulp remains retained in the paper after PS-MS analysis. It is important to mention that this part probably contains antioxidant species which, however, could not be detected by the PS-MS approach. The analyses of each individual pulp were done in triplicate for both ionization modes (positive and negative).
For the analyses, the instrumental was operated at: voltage of the PS-MS source equal to + 4.0 kV (positive ionization mode) and -3.0 kV (negative ionization mode); capillary voltage of 40 V; transfer tube temperature of 275 °C; tube lenses voltage of 120 V; and mass range from 50 to 600 m/z (positive ionization mode) and from 50 to 1000 m/z (negative ionization mode). The ions and their fragments obtained in this analysis were identified based on the data described in literature. Collision energies used to fragmentize the compounds ranged from 15 to 30 eV.
Statistical analysis
Results of physical-chemical analysis and antioxidant activity were subjected to the one-way analysis of variance (ANOVA) and Tukey's test (p < 0.05) to evaluate the means. Determination of evaluated factor correlation was executed by Pearson's test (p < 0.05), using software Statistica. 31 The mass spectra obtained were processed with the software Xcalibur.
32 Mean PS-MS spectra in positive and negative ionization mode for each sample were determined using a spreadsheet of Excel 2013. 33 Fingerprints of the samples in positive and negative ionization mode were disposed, respectively, in X (25 × 551) and Y (25 × 901) matrices. Data were centered on the mean, and the principal components analysis were carried out using the software MatLab, 34 with aid of PLS Toolbox. 35 To analyze the differentiation capacity of PCA model, a data fusion model was proposed. 36 This is possible because the detected compounds in both ionization modes were distinct; thus, different information pattern are present in PS(+)-MS and PS(−)-MS results. Therefore, X and Y matrices were concentrated to obtain a Z (25 × 1452) matrix. Resulting matrix data were treated as the previous ones.
Results and Discussion
Physical-chemical assay
In general, cagaitas have high moisture content and low energy content ( Phenolic compounds and antioxidant activity Many studies have reported the significant contribution of phenolic compounds to the antioxidant property of fruits. 2, 5, 38, 42 The present work corroborates with these data, since a positive correlation with strong intensity (r > 0.7) and significance (p < 0.05) between total content Means indicated by the same letters on the same line do not differ at 5% significance compared to different regions. of phenolic compounds and total antioxidant activity was observed for ABTS (r = 0.910), FRAP (r = 0.937) and DPPH (r = 0.999) methods; and between FRAP and ABTS (r = 0.963), FRAP and DPPH (r = 0.985), and ABTS and DPPH (r = 1.00).
PS-MS fingerprints
Examples of PS-MS spectra of cagaitas in positive and negative ionization modes are illustrated in Figure 2 . The proposed molecules from the obtained ions in the negative and positive ionization modes were amino acids, sugars, delphinidins, coumarins, organic acids, sugars and phenolic compounds. Table 3 shows the possible compounds detected in the fingerprints (positive ionization mode) of cagaitas. The analysis with the positive ionization mode were performed 48 Silva et al. 49 specifying the ratio mass charge from 50 up to 600, since in previous assays we observed the sample has not presented any ion above this range. The signal m/z 175 probably refers to protonated L-arginine. This amino acid had a different fragmentation pattern than commonly observed in other amino acids, not being characterized by the loss of NH 3 
PS(+)-MS fingerprints
PS(−)-MS fingerprints
Fingerprints of cagaitas obtained using PS-MS in negative ionization mode are in Table 4 . This method helped identify several compounds including organic acids, sugars and phenolic compounds. 52 also found these two organic acids when investigating contents of araçá-pera (Psidium acutangulum) by HPLC-MS.
Sugars
Based on the fragmentation profile shown in Table 4 , signals with m/z 179, 215, 377 and 521 were recognized as sugars. Ribeiro et al. 1 found by HPLC the presence of glucose and fructose (1.75 and 2.54 g 100 g -1 , respectively) in pulp of unpeeled cagaitas. Results obtained in this present study agree with Chen et al., 50 who determined the oligosaccharides present in fruits through electrospray droplet impact/secondary ion mass spectrometry (EDI/SIMS), and Roesler et al. 53 who investigated the main contents of araticum (Annona crassiflora) by ESI-MS.
Hydroxycinnamic acids
The signal with m/z 311 showed fragmentation ion with m/z 133, recognized as caftaric acid, which corresponds to a non-flavonoid phenolic compound originating The ion with m/z 325 probably corresponded to a hydroxycinnamic acid conjugated to a hexose called p-coumaric acid hexoside. Classification was proposed by mass spectra MS 2 with m/z 119 and 145. This substance was reported previously by Kajdžanoska et al. 57 in strawberries and by Mikulic-Petkovsek et al. 64 in blueberries (Vaccinium myrtillus L.) through liquid chromatography coupled to diode array detection and electrospray ionization tandem mass spectrometry (LC/DAD/ESI-MS).
The signal with m/z 339 was assigned to caffeic acid in the conjugated form with a hexose (cafeoil-D-glucose). The obtained fragmented ion (m/z 159) resulted from the loss of caffeic acid (−170 amu). Caffeic acid has already been described in cagaitas by Guedes et al. 65 employing HPLC. This substance in this conjugated form was reported by Chen et al. 63 − ) was recognized as vitexin. This flavone, belonging to the flavonoids class, has already been reported by Silva et al. 49 in jussara fruit (Euterpe edulis Mart.), using HPLC-DAD-MS/MS. Koolen et al. 59 also identified this flavonoid when investigating phenolic compounds of buriti (Mauritia flexuosa L. f.) by UPLC-ESI-MS/MS.
Principal components analysis
Principal components analysis was executed for data matrices X (25 × 551) and Y (25 × 901) made from PS(+)-MS and PS(−)-MS spectra. Results of these models showed the differentiation of some samples, mainly due to compounds L-arginine, sucrose, delphinidin-3-glucoside, and citropten in positive ionization mode and to the substances citric acid, caftaric acid, p-coumaric acid hexoside, hexoses and dimethylellagic acid hexoside in negative ionization mode. Both models were constructed by selecting 3 principal components, which explained, respectively, 92.23% (positive ionization mode) and 70.79% (negative ionization mode) of total data variability.
As the information patterns obtained by both ionization methods were different, classification models were also constructed from the approach of data fusion. Thus, distinct information could be correlated from this data set to enhance the classification capacity of this model.
Data fusion was carried out from the simple concatenation of the data matrices X and Y, what resulted in a Z matrix (25 × 1452). Resulting PCA model consisted in selection of three principal variables, which explain a total of 65.32% of total data variability. The variations in cagaita composition may be associated with some factors like geographic location of the fruit, genetic variability, stress factors, sun exposure and temperature. 1 Therefore, PS-MS method may be a more adequate analysis tool to determine content of phenolic substances, because it permits fast, simple and low-cost analysis of each individual fruit.
Conclusions
Cagaitas contained high levels of phenolic compounds and intermediate values of antioxidant activity found with the three assessed methods (ABTS, FRAP and DPPH), and these values were higher for fruit from Paraopeba when compared with other regions. Compounds in the non-extractable fraction such as pro-anthocyanidin and hydrolysable polyphenols contained 14.8 to 17.4% of phenolic compounds and 16 to 21% of antioxidant activity in relation to the total. The levels of total phenolic compounds showed good positive correlation with the three methods used to evaluate the antioxidant activity. PS-MS was demonstrated to be a simple and fast technique to obtain the fingerprint of cagaita content, identifying several compounds such as organic acids, sugars, amino acids and phenolic compounds.
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